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prepared by reacting m-nrtrobenzaldehyde, ethyl 0- 
aminocrotonate and 2-piperidinoethano! ac- 
etoacetate, is endowed with valuable pharmacologi- 
cal properties. 
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INE DERIVATIVE. A PROCESS FOR THE PRODUCTION THEREOF AND PHARMACEUTICAL 
QOMPQ$mQN$ TH5R5FROM 



The present invention concerns 
dihydropyridine derivative of formula I 



\ 




N-CH 2 -CH -OOQ 



H C 
3 




OOCH 2 CH 3 



(I) 



and pharmaceutical^ acceptable salts thereof with 
organic or inorganic acids, a process for its prep- 
aration and pharmaceutical compositions containing 
rt 

Compound I or ethyK^-piperidinoethyl^S- 
dimethyM-(3-nitropheny l)-1 ,4-dihydropyridine-3,5- 
dicarboxylate, hereinafter also named, for the sake 
of shortness, with the abbreviation of YS 201, 
possesses calcium-antagonistic activity in vitro and 
in viya and it is therefore useful in human therapy. 

Dihydropyridine compounds exhibiting calcium 
antagonistic activity have been already described 
and used in therapy as antihypertensive, arrtH- 
schemic and anti-arrhythmic drugs: in particular the 
compounds named nifedipine (US 3,485347 and 
US 3,644,627), nicardipine (Japan Kokai No. 74 
109384), nimodipine and nitrendipine (DE 
2,117,571 and 2,117,573) are widely known and 
used. 

All these compounds share a common 1,4- 
dihydn>-2 > 6-dimethyl-4-(3-nitrophenyl>-3 1 5- 
pyridinedicarboxylic structure and differ only in the 
esterification of the carboxy groups in positions 3 
and 5. Nifedipine is a dimethyl ester while 
nimodipine. nitrendipine and nicardipine are asym- 
metric esters: nimodipine is an isopropyl 2-methox- 
yethyl ester, nitrendipine is a methyl ethylester and 
nicardipine is a methyl (N-benzyl-N-methylamino)- 
ethyl ester. Only nicardipine is characterized by the 
presence of an aminoester group. 

A difference in the esterification results there- 
fore in compounds having different biological char- 
acteristics and profiles. As a consequence, many 
research efforts have been devoted to the synthe- 
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sis of various 1,4-dihydropyridine-3,5-dicarboxylic 
acid esters. 

The introduction of a basic group into one of 
the two ester residues of dihydropyridinic deriva- 
tives has been described for the first time by Bayer 
in DE 2.218,644 (corresponding to GB 1,363,625 
and US 3.905,970). Even if compound YS 201. 
object of the invention, is genetically comprised 
within the meaning of the general formula claimed 
in said patents, no compound having a pyperidinic 
group in the ester residue has been actually pre- 
pared. On the contrary, many compounds having a 
morpholine or a N-methylpiperazine group have 
been prepared. 

Jap. Kokai No. 74 109384 also concerns 
aminoesters (nicardipine) and discloses, §Jja , 
only an example of a cyclic aminoester group 03- 
pyrrolidinoethyl). 

As already mentioned, the preferred com- 
pound, which is now clinically used, is however a 
non-cyclic ester, i.e. nicardipine. 

Other examples of dihydropyridine dicarboxylic 
acid basic esters are disclosed in EP-A-97821, 
wherein N-substituted piperazinoaikyl residues are 
claimed, and in EP-A-63365 wherein basic esters 
are claimed containing N-substituted piperidine 
rings and having a completely different structure 
than that of the compounds of the present inven- 
tion. 

YS 201 turned out to be surprisingly endowed 
with advantageous properties and with a complete- 
ly different pharmacological profile with respect to 
the prior-art compounds. 

The compound I, in particular, represents a 
therapeutic progress due to its activities as 
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calcium-antagonist and as calcium-overload blocker 
as well as to its various mechanisms of action, 
which are the basis of the therapeutic efficacy of 
the drug in cases where the reference compounds 
are not so effective. This is of a particular impor- 
tance in the field of cardiovascular pathology which 
justifies the necessity to use new compounds 
sometimes more selective or more effective and 
less toxic. 

The compound YS 201 was pharmacologically 
compared to nifedipine, nimodlpine, nitrendipine 
and to nicardipine, representing four structurally 
related and very well known dihydropyridine com- 
pounds which are presently used in human ther- 
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apy, the latter being the most active aminoester 
compound and the only one actually entered into 
clinical practice. YS 201 has been also compared 
to two other known calcium-antagonist drugs, 
verapamil and diltiazem. 



Acute toxicity 

The acute toxicity of YS 201 given by jrh 
traveous route , similar in the males and in the 
females in the rat as well as in the mouse, is as 
follows: 



15 



LD 50 : 
Lower Limit: 
Upper Limit: 



in_the_rat 
12.53 mg/kg 
11.65 mg/kg 
13.47 mg/kg 



10_il!e_mguse 
12.29 mg/kg 
11.46 mg/kg 
13.18 mg/kg 



The acute toxicity of YS 201 given by oral 
route, similar in the males and in the females in the 
rat as well as in the mouse, is as follows: 
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LD 50 

Lower Limit 
Upper Limit 



i n_t he_ rat 
402.12 mg/kg 
352.58 mg/kg 
458.62 mg/kg 



282.77 mg/kg 
257.55 mg/kg 
310.46 mg/kg 



Pharmacological properties 

1. InfflfrrtiQn of the contractile response of arterial 
vessels in vitro 

The results of the tests hereinunder described 
are reported in Table 1. 



1.1. Rat thoracic aorta 

Aortic strips (3 mm wide)were dissected from 
rat thoracic aorta and bathed in a Krebs-Henseleit 
solution bubbled with 0, :C0, (95:5) at 38°C, under 
a tension of 2 g. After a 30-minutes stabilization 
period, a contraction was induced by adding either 
KCI (118 mM) or noradrenaline (10- 8 M.r) in a 
calcium-free medium (Na EDTA 0.1 mM.!" 1 ) or 



noradrenaline (10"* Ml- 1 ) after readmission of cal- 
40 cium (CaCI, 1.25 mM.1- 1 ). 



1.2. SHR aorta 

45 YS 201 was tested in comparison with 
nifedipine for vasorelaxant activity in 
phenylephrine-(PE, 1 uM) contracted aorta from 
the spontaneously hypertensive rat (SHR). The 
compounds were added to the PE-contracted blood 

so vessels in cumulatively increasing concentrations. 



1.3. SHR aorta -Pretreatment study 

SHR aorta were treated with either PE(1 uM) or 
high potassium (K+, 80 mM) and the resulting con- 
traction was allowed to sustain for 15 Minutes. After 
wash out and equilibration (1 hour), tissues were 
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pretreated with a single concentration of either YS initial contraction. Contractile effect was measured 

201 or nifedipine. After a 30-minutes equilibration at 15 minutes after the addition of the agonist (PE 

time, tissues were again challenged with either PE or K*). 
or K+ and the resultant contraction compared to the 



IABLE.1 : COMPARISON OF EC c/> OR IC C ^ ON CONSTRICTION OF 

50 50 

AORTA STRIPS IN VITRO- 



SERIES 


RAT AORTA 
EC _ 


SHR AORTA 
EC_ 


+ 

K 


* + + 
NA-Ca 


* + + 

NA+Ca 


in vitro 


pret reatment 


PHENYLEPH- 
RINE 


+ 

K 


PHENYLEPH- 
RINE 


to C \J 1 


1 .27 

io' 8 


1.01 

io" 6 


1 .62 
10" 5 


3.9 
10" 8 


5.00 

- -io 

10 


3.8 
-8 

10 


N T TP PN- 
NI 1 RCW 

DIPINE 


3.89 
10" 8 


2.20 

io" 7 


io" 4 


- 






M T C A D 

DIPINE 


4.01 
1<f 8 


io" 4 


4.08 

io" 5 


- 






NI FE - 
DIPINE 


1.76 

io' 6 


2.22 
10" 5 


9.80 

io" 5 


1.8 
10' 9 


2.00 

io' 10 


5.3 
10~ 8 


NIFE- 
DIPINE 


1.22 

io" 6 


1o"* 


10" 4 








DILTIA- 
ZEM 


2.16 

io' 7 


2.01 
10" 6 


2.15 
10" 5 








VERA- 
PAMIL 


4.92 

io" 7 


2.84 
10" 6 


2.45 

io' 5 









*) NA = noradrenaline. 



From the above reported results, it is evident 
that YS 201 is considerably more active than the 
reference compounds on the contractions induced 
by K* and by Ca~ plus noradrenaline while nitren- 
dipine is slightly more active than YS 201 on the 



contractions induced by noradrenaline in a Ca++- 
free medium. 

On SHR aortic strips both YS 201 and 
nifedipine are extremely potent inhibitors of the K+- 
induced contractions. 
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In in vjyo studies carried out on spontaneously 
hypertensive rats (SHFt), YS 201 turned out to be 
endowed with a potent, dose dependent activity, 
especially when given by intraduodenaJ routeJn 
renal hypertensive rats. YS 201, given twice a day 
sx. for 10 days, significantly reduces the resting 
blood pressure reducing also the pressure increase 
elicited by anxiety and effort 



Comparative effect of YS 201 on 3 month old rats 
and 6 month old SHR-SP 

YS 201 was given by intraduodenai route at 15 
s mg/kg in normotensive rats. The diastolic blood 
pressure (DBP) was significantly reduced by 3.1 
KPA 5 min. after administration and the reduction 
was still significant 60 min. later. The systolic 
pressure was also significantly reduced (Table 2). 

70 



IABLE_2 : E F FECT^OF _ YS_201 _ ( IN JR ADUOO 



0N_BP IN NORMOTENSIVE RATS- 


PARAME- 
TERS 


TO 


TIME AFTER DOSING (MIN.) 


1 


2 


5 


10 


DBP 1> 


13.5+0.55 


13.0+0.74 


12.0+0.35 


10.4+0.32 
X 


9.4+0.19 


HBP 2> 


13.2+0.50 


14.8+0.64 


13.9+0.28 


12.7+0.19 
X 


11.6+0.15 


S8P 3) 


18.5+0.47 


18.4+0.48 


17.8+0.26 


17.2+0.26 


15.9+0.19 


HR 4) 


432+28.7 


556+9.8 
X 


556+7.5 

X 


564+7.5 


536+7.5 



JABLE 2 - continued 



DBP 1) 


9. 8+0,34 
X 


11.3+0,62 
X 


12.4+0.40 
X 


13.7+0.87 


MBP 2> 


11.7+0,28 
X 


12.9+0.51 

X j 


14,0+0.35 


15.3+0.90 


S8P 3) 


15.6+0.29 

X 


16.0+0.35 

X 


17.3+0.26 


18.5+1 .06 


HR 4> 


524+11.7 


496+22.3 


428+24.2 


416+27.9 



In 6 month old SHR-SP YS 201 produced a 
more marked reduction in DBP than in SBP, the 
effect being lasting 4 hours (Table 2a). 
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IAS.UL -2a: E F F E C T_ JD F _ _YS_ _ 2 0 1 _ JJAL R A D JIQPA N AL _R0UTE_ _-__15 
53ZJ<g2-0N_BP_IN_SH^^ 



TIME (MIN . ) 


1 ) 

OBP 


2) 


PARAMETERS 

3) 
SBP° 


5) 

S-D 


4) 

HR 


0 


17.5 


20.0 


25.0 


7.5 


360 


+ 1 


17.0 


19.3 


24.0 


7.0 


360 


+ 2 


15.0 


17.5 


22.5 


7.5 


360 


+ 5 


16.0 


18.7 


24.0 


8.0 


360 


+ 10 


13.5 


16.2 


21.5 


8.0 


360 


+ 15 


13.0 


15.7 


21 .0 


8.0 


360 


+ 30 


11.0 


13.7 


19.0 


8.0 


340 


+ 60 


10.0 


12.0 


17.0 


7.0 


300 


+ 120 


11.5 


13.5 


17.5 


6.0 


360 


+ 180 


8.0 


9.8 


13.5 


5.5 


400 


+ 240 


6.0 


7.5 


10.5 


4.5 


420 



1) Dyastolic blood pressure 2) Mean Blood pressure 

3) Systolic blood pressure 4) Heart rate 

5) Difference between systolic and diastolic blood pressu- 



re. 



VpntPgyfr arrhythmias after coronary artery lioa- 
feffl in the acute phase or during the period of re- 
circulation 

Sprague-Dawtey rats were subjected to ligation 
of the left coronary artery according to the method 
of Clark et al. in J. Pharmacol. Methods 2 . 357- 
368, 1980. The drugs were administered by gastric 
tube 30 minutes before the ligation. By means of a 
continuous electrocardiographic recording, the ven- 



tricular arrhythmias such as ectopic beats (EB), 
ventricular tachycardia (VT), ventricular fibrillation - 
(VF) for 30 minutes after ligation, were recorded. 

In another group of animals the ligation was 
removed after 5 minutes, causing thereby an in- 
crease of the arrhythmias and of the death-rate. 

The data, reported in the two following Tables 
3 and 4, show that YS 201 is able to reduce 
dramatically the arrhythmias: the therapeutic activ- 
ity of YS 201 is in particular more potent than that 
of the reference drugs in inhibiting the arrhythmias 
after re-circulation. 



50 



55 



11 



0 218 996 



12 



Oi 

Ml 
02| 
Ui| 
0.1 

I 

Zl 

oi 

M| 
HI 
<l 
OI 
M| 
-II 
I 

Uil 
XI 
HI 
I 

(DI 
Zl 
M| 

Q£l 
31 
OI 
I 

W| 
<l 
M| 

CI 

XI 
HI 
>-l 
XI 
QSI 
0C| 
<1 



mi 
i 

Uil 

-J I 

GDI 







— J 


"1 " " 








i i 








■) 


c 








1 

1 


1 








I I 


1 1 




1 




O 








1 








I I 


1 1 




1 


I 


s- 








1 


I 








1 I 


1 1 




1 


l 






1 1 




I ro 


1 






o 


I i ro 


OI 1 




1 


l 


"D 

0) 




1 -C 


0> 


I • 


1 






• 


i 1 - 


•1 1 




1 


i 




1 4-* 


4-» 


i ro 


f o 






o 


i oi ro 


I mi o i 


O 


1 o 


I 


4-» 




1 0> 


CD 


i ro 


1 






C\J 


i i to 


J CM| CM I 




1 oo 


l 


o 




1 o 


C 


i 
i 


1 

1 








I i 

t i 


I i 
i t 




1 

, 


* 
« 


0) 

t- 








i 


1 








i i 


l i 




1 


l 


u 








i 


1 








I i 


I i 




1 


I 


o 








i 


1 








1 !M 1 


I i 


* 


1 


I 


o 




I 




I 


1 








1 '1 1 


I I 




1 


i 






1 u_ 




1 o 


1 o 






o 


1 OI O 


mi o i 


O 


1 o 


i 






1 > 




1 00 


1 00 






o 


1 nOI OI 


o-i >o i 


CM 


1 o 


■ 


est 








1 
1 


1 








1 1 r-l 


I i 




1 


l 
l 








1 


1 








1 l l 


i i 




1 


■ 


+-» 






1 


1 


1 








1 1 1 


t I 




1 


l 










1 ro 


I m 






r>- 


1 1 1 


1 N- 1 


O 


1 * — 


l 


01 








i r>- 


I in 








1 1 I 


i i 




1 


I 






s: 

LU 




i • 

u-l r- 


| a 

1 o 






• 

o 


1 1 ! 
1 1 1 


i • i 
i «- i 


• 

o 


1 • 
1 V" 




ua 




CO 




>i +i 


1 +1 






+ i 


1 t 1 


i +i i 


+1 


1 +1 




cr 








I ro 


1 








I mi oi 


CM| 00 | 


m 


1 oo 




10 




+ 




i • 


1 * 






• 


I -i «i 


•1 • 1 


• 


1 • 












i in 


1 t— 








l cmi oi 


t-i ro i 


o 


1 




•r» 




CO 




— 1 — 










1 I 1 














01 














i I I 


i i 








o 




o 






1 (\i 






m 


l 1 l 


i oo i 


CM 


i r*- 








•1— 




i in 


1 OJ 








I l l 


1 "O 1 


I* 1 


• • 




O 




"D 




I • 


1 • 






• 




i • i 


• 


i • 








c 




i-i «- 


1 CM 










1 O 1 


o 


1 o 




+-» 


• 


•r— 




>i +1 


1 +1 






+ 1 


l ! l 


1 +1 1 


+1 


1 +1 






CO 






I r>- 


1 -3- 








I mi mi 


tM ro i 


o 


1 o 




l_ 


01 


H- 




1 ■ 


1 1 






* 


1 M -1 


-i • i 


• 


1 • 




o 


4-* 


O 




1 fO 


1 -4" 






cm 


i r\Ji oi 


OI r- | 










<0 


0> 




I 


| 








l 1 l 






1 




•M 


>- 




-i - 










1 1 1 


1 1 




1 




CO 








I ro 


1 CM 






o 


l I l 


I | 




1 




0) 


o 






I oo 


I r>- 










1 O | 


oo 


1 *~ 




4-» 


+-> 






i • 


i • 






■ 


i I l 


1 I s - 1 


t— 


1 *~ 








> 




I oo 


I 






o 


I l l 


1 • 1 








-H 


CO 






col «- 


t CM 






cm 


i I l 


1 O 1 


M3 


1 o 




c 


c 


c 




031 +1 


1 +1 






+ 1 


I I I 


1 4-1 | 


4*1 


1 +1 


1 


01 




m 




UJt T- 


1 O 






m 


1 OI OI 


OI | 




1 o 


i a "o 


"O 


01 




1 • 


| • 






• 


1 •! -1 


•1 • 1 


• 


1 • 


1 3 


3 


c_ 


z 




1 


1 o 






o 


1 OI (Ml 


T-| CM | 


m 


1 o 


1 O 


■M 


o 






I «0 


i r>- 








1 «-t CM| 
1 1 1 


roi >t i 
i i 




i ro 


a r 


CO 


CC 






— I 

t 

I in 
1 1- 










t — i — r 


l i 








o 


CD 


z 




i m 






in 


1 1 1 
I roi roi 
l l i 


i i 

«4i «4- 1 
1 1 
i i 


O 


I m 


per 


+■» 

CD 


>s 
■M 






i 












1 1 






1 CO 


c 


•r- 
3 


«— 

1 


l 
i 










! ! ! 


1 1 
1 1 






at 


di 


C 
•r- 


CO 


CD 


•I 












1 m i 


o 




i ( ~ 




+-» 


0) 




OI 1 


1 o 






m 


i mi oi 


OI f>- 1 


m 


1 o 




o 


c 


CO 




•1 








• 


i -i -i 


■i • l 


■ 


i • 


1 M- 


o 


o 


o 


CD 


QJ 


1 ^r— 








l oi r-i 


CMI o I 


r— 


i ro 


1 O 


u 


o 






1 










1 l i 










CIS 








1 












1 — L 






1 Cw 










1 












I 






I O) 


m 








1 CO 












i 






1 -Q 


o 






CO 


t — ' 




1 








I 






1 E 


■ 






a 


1 O 




•r— 








0)| 






1 3 


o 








1 c 




TJ 






l c 


CI 


O 




1 Z 


V/ 






O 


1 4-» 




01 


o> 




l co 


.1-1 


C\J 










C_ 


1 C 




H— 


c 




1 u 


ai 






1 " 










1 o 




•r- 


•r- 




1 «r— 


•r-i 


to 






* 








. 1 «-> 




js 






1 Z 


-oi 


>- 




1 Z 


* 





55 



8 



13 



0 218 996 



14 



zt 

Ol 

■—■I 
l-l 
<l 
-II 

Ol 
oi 
OCX 

Ol 
1 1 

Ui| 
OCX 

I 

tilt 



<l 

I 

w 

<l 

St 
XI 

l-l 
>-l 

XI 
QSI 

tri 
<i 



-*t 

vui 
-II 

CQt 

<l 

HI 





1 




I 












1 


t 


i 
i 












1 

x i ro 


t 

1 ro 


i 




* 




* i 


1 1 


l • 


1 • 


i 








* \ 


1 -c 


ai I ro 


t 


1 o 




o 




o I 


1 4-1 


+j i m 


1 CM 


i ro 










1 QJ 


CO 1 


i 


i 










1 o 


t- l 

.i 


i 


i 

_L_ . 












1 
i 


i 

i m 


I 
i 












l 


I • 


i 










1 X 


1 o 


I m 


1 o 




o 




o t 


1 u - 


1 00 


i -J- 


i m 








in t 


1 > 


1 


I 


l 












1 


i 


i 












, 1 


I 


i 












1 1 


l 


t 












I i ro 


I * 


t 








* 1 




l l m 


t 


I * 




ro 




ro t 




l l • 


I o 


I ro 




in 




ro i 


1 S 


t t <r 


i • 


i • 




« 




• i 


1 UJ 


I U-| +1 


i <r 


1 «4- 




o 




o 1 


1 t/> 


t >l O 


i +i 


I +1 




+ 1 




+ i l 




I I • 


t 00 


1 o 




ro 




sO | 


1 + 


I 1 r*. 


i • 


I • 




t 




• 1 




I I *~ 


1 00 


t o 








O 1 


1 cn 


i « 


y 


i 










1 <u 


I I 


| 


I 








* 1 


1 o 


1 1 o 


i <r 


l ro 




O 




O I 


1 "*— 


1 1 00 


1 in 


l in 




r>- 




to 1 


1 *u 


1 1 • 


i • 


1 • 




• 




• 1 


1 c 


1 »-l «- 


1 CM 


1 o 








O 1 


1 ar ~ 


1 >l +1 


1 +1 


l +1 




+ i 




+1 1 




i i rvj 


1 IM 


l oo 




rvj 




CM 1 


1 
















1 o 


i I >o 


i <r 


1 1- 




m 




T— | 




i i 


i 


t 










1 a? 


t i 




I 




* 




* 1 


1 3 


t 1 o 


1 CM 


I 




00 




p- 1 




i i 








O 




00 I 


1 (0 


t l ■ 


| ■ 


| a 




• 




• I 


1 > 


l I in 


1 f\l 


1 o 




o 




in | 




l cat r\i 


I ro 










+ 1 1 


1 c 


i mi 4-1 


I +1 


1 +1 




+ 1 




O 1 


i to 


1 Ul| O 


1 o 


1 o 




00 




r\i I 


i a> 
















i s: 


1 1 o 


I oo 


i oo 




rvj 




r*- i 




I 1 «- 


I o 


1 








CM 1 




1 r 




1 










1 z 


t m 
I 


j 

i 


! O 
| 




o 




O 1 


1 T~ t 


i 


— 1 

1 












I I 


i 


1 r- 




in 






I 


O) *x 


i 


1 • 




■ 






I 01 


oi I 


I m 


1 o 








in | 


1 VI 


•! 


I 


1 








f- l 


1 o 


O Ql 




1 










I a 


e i 
i 




1 

1 












i 

1 cn 




1 
1 












CO 1 — » 


t I 


1 1 


>l 










a 1 O 


1 <o 


1 to 






o 






3 1 c 


l 


i a 






cm 






O 1 4-» 


I +J 


1 «J 










w I c 




BX u 












O 1 o 


i mf ~ 


0)1 a> 






oo 






I V 


i a 


NJ_> 






>• 





.o 



3 
C 



c 
o 

o 

t_ 

o 



no 
a> 
+-> 
o 
o> 

L. 
I— 
O 

CO 

CL> CO 
+-» CD 



0> 

« l_ 
- 10 
* 3 

o> o* 

C to 



a. i 

o §5 

u O O 

<U V ^ 

Ot O) 

co c c 

4-1 «r- -f- 

C S~ <~ CO 

o o 01 

O U U to 

CD <0 >- 

u 

ai m o 

J3 O r- 

E • • 

3 O O 

2 V/ V/ 

II Ql Q. 

Z * 



From the above data, it turns out that, whatever 
the dosage given, YS 201 reduces by nearly 2 fold 
the index atri bated to EBs and VT but it does not 
interfere with the duration of VF episodes; never- 
theless, the percentage of rats exhibiting VF is so 
significantly reduced at 1.5 mg/kg~'. On re-circula- 
tion, both at 7.5 and at 15 mg/kg-' YS 201 lowers 
in a highly significant manner the early ECG distur- 
bances following the release of the clamps. All the 
parameters taken into account are diminisched and ss 
death is completely suppressed at 15 mgykg- 1 (P 



0.02). 



Transient cerebral oHooemia in the rat 

The method described by Borzeix in Circula- 
tion et Metabolisme du Cerveau 1, 63-79, John 
Libbey Eurotext Publ.(1983) has been followed, us- 
ing male Sprague-Dawley rats about 10 weeks old 
having a bilateral carotid artery ligation for a 60 
Minutes period. The animals were treated by the 
oral route with the tested drugs twice a day, start- 
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ing one hour after the ligation and for 3 days, in 
scalar doses. 

The last dose, at the 71 th hour after the occlu- 
sion, proceeded by one hour the sacrifice of the 
animal, whose brain was subjected to the deter- 
mination of the HjO. K* and Ca* + content 

Under said experimental conditions, a transient 
oligoemia gives rise to an evolutive cerebral dis- 
ease which is characterized by an impairment of 
the neurologic behaviour, by deep biochemical dis- 
turbanced -especially a tremendous intracerebral 
accumulation of Ca t+ ions. 



The curative administration of calcium entry 
bloc kers can interfere with the spontaneous evolu- 
tion of this disease. The results, reported in Table 
5,show that YS 201 suppresses any edematous 

5 reaction and prevents the K + efflux from the brain 
as well as it impedes the Ca*+ ions to accumulate 
into the brain, whereas nimodipine and nicardipine, 
the two other dihydropyridine compounds consid- 
ered, fail. A good activity is exerted by verapamil 

io and diltiazem. 



I£BLE_5 : BI OCHEHI C AL_ I MPAI RMENJS_ IN_POSJ-OL IGOEMI C_R AJS 



Groups 


N 


mg/kg 

P.O. 

(7 x) 


Cerebral content 


H 2 0__ 


+ 

K 


++ 

Ca 


percent 


mmol.kg ^ 


dry weight 


Controls 


51 




78.6+0.06 


485.8+3.99 


4.7+0.17 


goeroi e 
controls 
+ 76 h) 


36 




79.4+0.23 


385.2+7.24 


21.1+2.14 
* 


Ni mo- 
di pine 


9 


0.5 


79.5+0.40 
* 


442.0+22.40 
** 


20.1+4.36 
* 


11 


1.5 


79.3+0.40 


402.0+17.52 
* 


16.1+3.42 
* 


Nicar- 
dipine 


8 


1 


79.6+0.37 
* 


460.0+18.96 
** 


18.4+7.04 


4 


3 


79.2+0.42 


368.0+19.68 
* 


19.4+5.0 


YS 021 


8 


0.25 


79.2+0.57 


428 +15.9 
* ** 


12.6+3.32 
* ** 


7 


0.50 


78.3+0.39 
** 


431 +14.9 
* ** 


11 .7+3.00 
** 


5 


1.0 


77.8+0.47 
** 


428 +8.2 
* ** 


11.7+5.53 


8 


3.0 


78.8+0.44 


425 +13.9 
* ** 


12.6+3.89 
** 



N = Number of rats per group; 
P^O.05 according to the Student test or the Cochran test; 
* versus controls; ** versus post-oli goemi c controls. 



55 

Effect of YS 201 administration on the anaphylactic 
bronchoconstiiction in actively sensitized guinea- 
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Bias 

Hartley guinea pigs are actively sensitized 
against ovalbumin (OA) by intraperitoneal (100 
mg) and subcutaneous (100 mg) injections asso- 
ciated each with Freund adjuvant 50 ul. Experi- 
ments are performed three weeks after the active 
sensitization procedure. At that time, the animals 
have reached a body weight of about 600-700 g. 
They are anesthetized with urethane (125 g/kg~' 
i.p.) and allow to breath spontaneously. Bron- 
choconstriction is measured with a Fleisch 
pneumotachograph and a Presograph Godart - 
(sensitivity 5-50 cm H,0) allowing to record or to 
calculate the following parameters: 

-Inspiratory volume (i.v.): ml 

- Expiratory volume (e.v.): ml 

-d(i.v.): difference of inspiratory volume with regard 
to resting value (prior to OA-challenge) 

•Respiratory minute volume (m.v.): ml/min 

-Respiratory frequency (r.f.): strokes/min 

-Transpuhnonary pressure (Trans P): cm H»0 

-Pulmonary compliance (P.O.): ml/cm H,0 

-Pulmonary resistance (P.R.): cm H,0/ml/sec. 

The anaphylactic bronchoconstriction is in- 
duced by intraveous OA-challenge (5 mg/kg) of the 
sensitized guinea-pigs. All animals are treated with 
the antihystaminic mepyramine (1.0 mg/kg i.v.) 5 
min. before the OA-challenge. The test compound - 
(YS 201) or the vehicle (distilled water) are injected 
subcutaneousiy (S.C.) 15 min. prior to the OA- 
challenge under a volume of 2 ml/kg. All the mea- 
surements were done at +1, 2, 3, 4, 5, 10 and 15 
minutes post OA-injection. The reference value T 
0" has been considered just before anaphylactic 
shock, i.e. 15 minutes after YS 201 has been 
injected. Two dosages of YS 201 have been stud- 
ied: 5 and 10 mg/kg on 7 guinea-pigs each. 

The results have been analyzed using a global 
analysis of variance considering all the 3 series - 
(control -YS 201 : 5 mg/kg and 10 mg/kg) and all 
the experimental times. When a statistical differ- 
ences at P level £.05 appears, Least Significant 
Difference (LSD) test was applied to position the 
series the ones between the others. 

The results obtained show that the effect of YS 
201 can be characterized at 5 mg/kg by a minor 
effect on lung elasticity per se. However, this limit- 
ed effect on visco-etastic properties of the lung 
allows possibility of the compensation of the bron- 



choconstriction through an increase of the inspira- 
tory and the expiratory volumes. On the opposite, 
at 10 mg/kg, YS 201 seems to act directly on 
pulmonary compliance by increasing it and by de- 

5 creasing the pulmonary resistance. This effect is 
clear enough to be evidenced by the global analy- 
sis of variance. The fact that the inspiratory or the 
expiratory volumes are not increased at this dos- 
age is the direct consequence of YS 201 effect on 

io the dynamic compliance which then avoids a com- 
pensatory mechanism through the respiratory vol- 
ume. 

To summarize, the results obtained with YS 
201 indicate that this compound can protect the 
75 guinea-pig against an ovalbumin-challenge induc- 
ing anaphylactic bronchoconstriction. This property 
was never described for any calcium antagonist of 
the dihydropyridine group or of the verapamil or 
diltiazem like structures. 

20 

Pharmacokinetics and bioavailability 

YS 201 hydrochloride was intravenously and 

2S orally administered to dogs at 1 and 10 mg/kg 
respectively. 

After intravenous dosing the decline in YS 201 
concentration was typically biexponential. The 
mean half-life of elimination was 88 min. 

30 After oral administration, the appearance of se 
condary peaks in the plasma concentration-time 
profiles suppose the presence of enterohepatically 
recycled YS 201. An extended mean apparent half- 
life of elimination of 148.3 min. was exhibited after 

35 oral dosing. The mean maximum concentration was 
found to be 284 ng/ml and the average AUC was 
64873.6 ng/ml- 1 min. These results are comparable 
with results obtained in dogs with nicardipine at the 
same dose ( c max = 220 ng/ml and \\it = 

40 76600 ng/kg- 1 min.). The average apparent 
bioavailabte fraction was 19.4%. 



Bioavailabilitv of YS 201. after oral administration in 
45 normal volunteers 

The study was performed in 4 male subjects 
aged 26-43 years. 

Pharmacokinetic studies were performed both 
so after acute and repeated administrations. 



Acute administration 

55 Each volunteer received one capsule of 20 mg 
of YS 201 with a glass of water. 

Further venous blood samples were withdrawn 
15-30 minutes and 1.0-1. 5-2.0-4.0-6.0-8.0 hours 
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after treatment 



Multiple-doses administration 

The same four volunteers, after the first admin- 
istration were treated with increasing doses of 
YS201: 30-40-50 mg. 



Biood samples were withdrawn 2-4-8-12 bours 
after the last treatment 

Plasma levels of unchanged YS 201 were as- 
sayed with a specific HPLC method, 
s The pharmacokinetic parameters obtained are 
reported in the following Table 6. 



15§k§_§ : PHARMACOKINETICS PARAMETERS 



Vol. 
n . 


C max_^ 
jig/kg 


T max 
(h) 


Tj- el. 
(h) 


AUC 
|ig/ml /h 






* 


** 


1 
2 
3 
4 


56 
55 
65 
83 


1.5 
1.5 
2 
1 


1.99 
1.05 
1 .80 
2.66 


4.11 
4.44 
4.12 
4.49 


0.219 
0.181 
0.269 
0.388 


Mean 
+ S.D. 


64.75 
12.97 


1.5 
0.40 


1.88 
0.66 


4.29 
0.10 


0.252 
0.068 



* after acute administration; 



** after mult i p Le-doses administration. 



Plasma profiles in the acute study indicate a 
rapid absorption of YS 201, as evidenced by the 
average T max of 90 min. The mean value for 
peak plasma level was 57.25 ng/ml ± 2.65 ( *>T ± 
S.E.). 

Corresponding with the phase of distribution 
and excretion of the drug, the plasma levels de- 
cline; the mean value for Ti el. was 1.8 hours ± 
0.65 S.D. 

After six hours the unchanged drug is still 
present in the plasma 

In the multiple dose study, two hours after the 
last treatment with increasing doses, the plasma 
levels of unchanged drug are three times upper, as 
to values dosed at the same time after acute treat- 
ment 

Four hours after administration, the plasma lev- 
els are reduced to the half, as to the peak. 

Twelve hours after treatment YS 201, as un- 
changed drug, is still present in the plasma. 

The compartment analysis shows that the plas- 
ma profile of unchanged drug declines in one 
phase, both after acute and repeated administra- 
tion; in the first case, however, the levels decline 
more rapidly, as indicated by the shorter mean 



terminal half life: 1.8 hours after acute administra- 
tion; 4.29 hours after repeated administration. 

35 The difference between such values could be 
related to the increase of the doses administered, 
as reported by many Authors in some others cases 
("Biopharmaceutics and Relevant Pharmacokinet- 
ics" -Wagner J.G.-Drug Intelligence Pubblications, 

40 Hamilton, Illinois, 1th Edition, 1971). 



Clinical tolerance 

45 The oral treatment with YS 201 was well toler- 
ated: the normal respiratory function as well the 
other vital parameters were not affected. 

Concerning the cardiovascular function, any 
pathological modification of the arterial pressure 

so was not observed; in two subjects (n. 3. 4). how- 
ever, a moderate but definite sinus bradycardia 
was registered. 

The atrio-ventricular conduction time (PR inter- 
val) was slightly prolonged in two subjects (n. 1 , 2). 

55 Such interval was delayed from 0.14 to 0.16 sec. - 
(subject n. 1) and from 0.16 to 0.18 sec. (subject 
n. 2). 
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These modifications should be reasonably re- 
lated to the calcium-antagonistic effect of YS 201 
on the superior portion of the specific conduction 
system. 

All the results obtained give evidence that YS 
201 is a potent calcium-antagonist but also a 
calcium-overload blocker according to the definition 
given by van Zweiten (1985, Arzn. Forsch. I Drug 
Research 35 (1). Nr. la: 298-301). The drug can be 
used for the treatment of cardiac ischemic disease 
by blocking the increase content of calcium in the 
heart and therefore reducing the infarct area, for 
the treatment of ventricular arrhythmias and of par- 
oxystic ventricular tachycardia, for the treatment of 
ectopic and premature beats and for the prevention 
of sudden-death by cardiac fibrillation in angina 
pectoris. The drug can be used also for the treat- 
ment of cerebral vasospasms and in the early 
treatment of stroke in order to reduce the increased 
accumulation of calcium resulting from brain i- 
schemia. 

The drug can also be used in the treatment of 
essential hypertension not only because it reduces 
MABP, SABP and DABP in resting conditions but 
also because it blocks the hypertensive response 
to anxiety and effort which is a characteristic of 
human essential hypertension. 

The drug could also be used in the treatment 
of allergic asthma and it must be stressed that the 
effect on the lung and the bronchi could be ob- 
tained without influencing the cardiac work as it is 
observed with the phosphodiesterase-inhibrtors ac- 
tually used in the treatment of said disease. 

The whole pharmacological profile of YS 201 
turns out to be remarkably different from that of 
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other calcium antagonists, even belonging to the 
dihydropyridine series. 

It must be stressed that pharmacologically ac- 
ceptable salts of YS 201 have substantially the 
same activity of the free base. 

The salts obtained through the variation of the 
acid used in some cases have special advantage 
due to increased stability, increased solubility, de- 
creased solubility, ease of crystallization, lack of 
objectionable taste, etc., but these are all subsid- 
iary to the main physiological action of the free 
base, which is independent of the character of the 
acid used in the preparation of the salt 

For the therapeutic use, YS 201 or a salt 
thereof will be administered in form of pharmaceu- 
tical compositions suited for the oral, parenteral or 
transdermal compositions, formulated by using 
conventional carriers, excipients and methods. 

Examples of said compositions include cap- 
sules, tablets, syrups, granulates, solutions, vials, 
etc. Particularly preferred is the use of oral, gastro- 
resistant and enterosoluble formulations because it 
has been surprisingly found that said formulations 
give a bioavailability much higher than that ob- 
tained by the administration of normal, non-gastro- 
resistant formulations. 

The daily posology depend on the diagnosis 
and on tha patient's conditions (sex, weight age) 
and generally it will range from 50 to 500 mg in 
2-3 administrations. 

The compound I is prepared by reacting m- 
nitrobenzaldehyde, ethyl /9-aminocrotonate and 2- 
piperidinoethanol acetoacetate, according to the 
following scheme: 




o 



CH -CH -0-C-CH,COCH, + — ► 
2 2 „ 2 3 



'it 



-> NH„-e = CH-C0 2 C 2 H 5 



CH. 



-+ (I). 



The reaction is normally carried out in the 
absence of solvents at a temperature of about 90- 
100°C for some hours. 

m-Nitrobenzaldehyde and ^-aminocrotonate 
are commercially available compounds or they 
may be prepared by known methods. 2- 
Piperidinoethanol acetoacetate is conveniently pre- 
pared by reaction of 1-piperidinomethanol and 
diketene in the presence of an amine. 



so The following example further illustrates the 
invention without limiting it in any way. 



EXAMPLE 

65 

a) g-PiPQri0in^ffi^^t^99^t? 
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Diketene (8.1 ml) was added dropwise to 2- 
piperidinoethanol (9.36 ml) and triethylamine (0.05 
ml) under stirring, so as to keep the temperature at 
60-70°C (exothermic reaction). When the addition 
was over, the mixture was stirred at 80° for 40'. 
12.4 g of the product were obtained by vacuum (2 
mmHg) distillation. The NMR spectrum was in 
agreement. 

b) 12.46 g of m-nitrobenzaldehyde, 17.7 g of the 
product a) and 11.8 g of 0-aminocrotonate, were 
heated to 90°C (exothermic reaction and gas evo- 
lution). The temperature was kept at 90-100°C for 



6 hours. The residue was chromatographed on 
SiO,, eluent CH£I„ CH 2 CI,:MeOH:Et,N 95:5:0.5. 

14 g of the product, melting at 185-188°C, 
were obtained. 

s 

IR (mineral oil dispersion): 1680 cnr 1 r C = 0 of 
the ester group; 2350-2700 cm 1 w NH + of the 
ammonium group. 

w 'H-CD,S0CD 3 ): S 1.19 (t. 3H, CH,(a)),1.69 (broad, 
6H, ChWb)), 2.32 and 2.40 (s, 3H, CH^c)). 2.8-3.5 - 
(m. 6H, CH a N(d)) t 4.03 (q, 2H, CH^e)), 4.45 (t 2H, 
COOStbCH^f)), 5.05 




75-8.1 (m, 4H, Ar), 9.45 (s, 1H, HCI). 20 Claims 

1. Compound of formula I 




and salts thereof with pharmaceutical^ acceptable 
organic or inorganic acids. 

2. Process for the preparation of the compound 
I characterized by reacting m-nitrobenzaldehyde, 
ethyl £-aminocrotonate and 2-piperidinoethanol ac- 
etoacetate. 

3. Process according to claim 2, characterized 
by operating in the absence of solvents at a tem- 
perature ranging from 90 to 100°C. 

4. Pharmaceutical compositions containing as 
an active principle the compound of claim 1 or a 
salt thereof with at least an Inert carrier and/or 
excipient 



5. Pharmaceutical compositions according to 
claim 4 for the oral, parenteral or transdermal ad- 
ministration. 

6. Pharmaceutical compositions according to 
claim 4 in form of gastro-resistant and enterosolu- 
ble capsules or tablets. 

Claims for the following Contracting States : £Q 
ES; and GR 

1. Process for the preparation of the compound 
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characterized by reacting m-nitrobenzaldehyde, 2. Process according to claim 1, characterized 

ethyl jS-aminocrotonate and 2-piperidinoethanol ao *s 5 y operating in the absence of solvents at a tern- 
etoacetate. perature ranging from 90 to 100°C. 
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